Improved ventilation methods for neonates in intensive care units, while saving the lives of children with bronchopulmonary dysplasia and hyaline membrane disease, have resulted in prolonged periods of intubation. Acquired subglottic stenosis at the level of the cricoid cartilage ring, which is the narrowest and most unyielding part of the airway, has been reported, with incidence ranging from 1-8%.'-' Subglottic stenosis of congenital origin is less common by comparison and can only be diagnosed with certainty in a child before its first intubation.
Children who develop subglottic stenosis are subject to prolonged periods in hospital and are often referred to specialist units. Tracheostomy is often required and management is not without complication, including death from lumen obstruction or misplacement of the tube. (Fearon and Cotton in 1974 reported a 24% mortality in their patients with subglottic stenosis as a direct result of having a tracheostomy. 4) Children with subglottic stenosis may have few other problems after leaving the neonatal intensive care unit, yet subsequently many different groups of specialists (ear, nose, and throat surgeons, speech therapists, paediatricians, physiotherapists, and social workers) may be involved in the management of this single complication for the next five years.
The factors that may cause subglottic stenosis (prolonged intubation, method of intubation, type of endotracheal tube used, and associated infection) have been reviewed previously.5 6 In this paper we have reviewed all the cases of subglottic stenosis seen at TFhe Hospital for Sick Children, Great Ormond Street, and University College Hospital, London, over the last five years. Most of these patients have been referred from other units in the United Kingdom, predominantly the south east.
We have looked at the management of these children in the two different units and assessed the success of each method of treatment.
Methods and materials
All cases of subglottic stenosis referred to the ear, nose, and throat departments of the two hospitals from 1980 onwards have been reviewed. Clinical details, method and length of intubation, and need for tracheostomy were noted for each patient. Information from referring hospitals was not always complete. The severity of stenosis at diagnosis by direct laryngoscopy and at subsequent observation was noted. Details of timing and method of surgical repair together with the outcome were collected. Some specific problems in the management of these patients are mentioned. 
Management with tracheostomy
The remaining 67 patients required a tracheostomy. Excluding the seven late presenters (Table 1) who form a rather specialised group, the median age at tracheostomy was 11 weeks, with a range of 1 to 78 weeks. Tracheostomy involved a skin crease incision, upward retraction or division of the thyroid isthmus, and vertical incision of the anterior tracheal wall below the first tracheal ring. Nylon stay sutures were used in each edge of the cut trachea and brought out of the wound and taped to the child's chest, thereby enabling the trachea to be opened by traction on these sutures either at the first tracheostomy tube change (normally at 7 days) or in the event of a displaced tracheostomy tube. Tracheostomy tubes used varied between the units but included Great Ormond Street pattern, Portex, and Shiley tubes. The advantage of the Shiley tube is its large plastic flange around the entry hole that prevents the child's chin drooping down and obstructing the lumen. Great Ormond Street tubes are now available with this modification. Silver Alder group.bmj.com on November 8, 2017 -Published by http://adc.bmj.com/ Downloaded from Hey tubes were rarely used because they tended to produce greater stomal irritation, they were less comfortable, and correct positioning of the tube fenestra was difficult in small infants.
The size of the subglottic lumen was measured accurately at direct laryngoscopy at the time of tracheostomy by sizing the lumen with known diameter endotracheal tubes, though this was performed in only 30 patients. The lumen varied from a maximum diameter of 2-3 mm to a stenosis so tight that air was unable to escape up from the trachea. The average lumen diameter was 1-6 mm.
After tracheostomy the children were generally allowed home with adequate home support. While on the ward mothers were taught to change tracheostomy tubes, use suction equipment, and provide adequate humidification. This training period could last several weeks. Home support involved provision of portable suction equipment, spare tracheostomy tubes, a home help if required, a tracheostomy care sister based between the community and the ward, and contact with the charity organisation Aid for Children with Tracheostomies.
Patients were assessed by direct laryngoscopy about every three months, lumen size being measured and compared with previous records. In this way some record of laryngeal growth, if any, was made.
In this group of 67 patients who needed a tracheostomy 20 had a cricoid split operation before tracheostomy while still intubated. This procedure was considered unsuccessful at further direct laryngoscopy and the patients therefore required a tracheostomy. This group of 20 had a smaller average birth weight and gestational age than those patients described above who were successfully treated with a cricoid split, thereby avoiding a tracheostomy.
Of the 67 patients with a tracheostomy, 32 have had repair of the subglottic region attempted, eight are awaiting a repair at a suitable age, 27 have been managed conservatively, and five patients have died during treatment.
In the 32 cases that have had laryngeal reconstruction the following occurred.
(1) Attempt at surgical repair when the child with tracheostomy was 18-24 months old. This timing allows a suitable period for normal laryngeal growth to occur, which can be monitored at serial laryngoscopy. It also makes the planned surgery technically easier than if operating at a nuch younger age. Of the 32 patients, 17 had a castellated laryngotracheoplasty as described by Evans8 and 15 had an anterior rib graft to a vertically split larynx and trachea as described by Cotton.9 Of the 32 patients, only 20 were successfully decannulated Table 2 .
In 27 patients no surgical intervention after tracheostomy was needed. Good laryngeal growth enabled decannulation to occur four to 26 months after tracheostomy.
These figures may suggest poor success for all surgical procedures attempted. It is important to point out that of the 20 patients still not decannulated, eight have not reached the age for surgical intervention and four have only recently had an operation and are planned for decannulation in the near future.
Five of our children with subglottic stenosis died. All had had tracheostomies. Four died at home, the causes of death being a displaced tracheostomy tube, a tracheostomy tube blocked with viscid mucus and a tracheal granuloma, and two unexplained cot deaths with unremarkable postmortem findings. The fifth death occurred in a 6 month old child who developed an unresponsive bilateral lung consolidation caused by a mixed infection of klebsiella and pseudomonas species despite intensive care, including ventilation.
Discussion
Only University College Hospital has a set of group.bmj.com on November 8, 2017 -Published by http://adc.bmj.com/ Downloaded from patients indigenous to its own hospital. The reported incidence of subglottic stenosis varies from 1-8%. 1-3 Over the five years of this study the incidence of subglottic stenosis in children born at the hospital was 1-8% of all intubated neonates, but of surviving infants the incidence was 2-6%. 5 The problem of management of these patients has been noted by a number of authors,"' II and we found similar difficulties. Our overall mortality was 5%, which confirms the serious nature of this condition and the need for prevention if possible and correct and meticulous management. The results should not be interpreted as suggesting there is little statistical difference in success with decannulation between those patients who have an operation and those managed conservatively. These two groups are not comparable; those who are operated on aged 18 months to 2 years are failures of conservative treatment and therefore make a bad risk group in themselves. Although there seems to be no real difference in lumen size at the time of tracheostomy in these two groups, in one group it becomes apparent within 18 months of tracheostomy that laryngeal growth is inadequate to permit decannulation. The reason for this difference is not clear.
Although by the age of 18 months there is mounting pressure from parents to operate, the natural history of these children is not really known. Without a control group, which would be ethically and emotionally unacceptable, an operation's success cannot be clear. The assumption that because the larynx has failed to grow in the last 18 months it is so stenosed that no further adequate growth will occur should at least be questioned.
There seems to be no statistical difference in success between the two main types of operation under review, a castellated laryngotracheoplasty or an interposed rib graft. Trends and ideas often change; five years ago castellated laryngotracheoplasty8 was the method of choice, but more recently rib graft repairs have become more common. This study cannot resolve which is the better technique. Both have similar success and complication rates. The rib graft might be simpler to perform but it involves a separate incision to harvest a rib cartilage.
Some patients received both operations (Table 2) and yet remain with a tracheostomy. Current thoughts are that the laryngotracheoplasty should be reserved for those cases of congenital subglottic stenosis (or occasionally very mild acquired stenosis) where there has been no accumulation of dense scar tissue secondary to intubation and where there is therefore a good enough cartilage ring structure to permit the castellated incision to be performed.
In Tracheostomy-indications and timing Once subglottic stenosis has been diagnosed which treatment should be adopted? Having an endotracheal tube in place may cause further irritation and make the stenosis worse. Alternatively, it might allow a period of re-epithelialisation of the necrosed mucosa around a suitable sized stent. The former argues for an early tracheostomy, the latter for prolonged undisturbed intubation. The possibility that perhaps a tracheostomy itself may make a stenosis worse by introducing infection locally has not been confirmed in humans, although the work by Saski et al on dogs concluded that infective chondritis after tracheostomy makes stenosis worse. lS
In the early presenting group of patients with a primary failure of extubation on the neonatal unit tracheostomy is invariably required if a trial of extubation fails after two to three weeks of conservative management when the endotracheal tube is correctly sited and ideally undisturbed. Other problems such as chest infections should be resolved before this undisturbed period, but in practice the chest problems may fail to improve without a tracheostomy. A cricoid split does not usually help these patients.
Certainly, this study suggests that in those patients who present late (groups 2 and 3 above) with a mild stenosis further intubation for a number of weeks may allow decannulation. The cricoid split operation has had some excellent results in such patients and as it is a fairly small procedure it is to be recommended where conservative treatment is failing. An anterior cricoid split alone followed by intubation for a further 10 days gives time for stabilisation and epithelialisation and should be performed before any decision to proceed to tracheostomy.
Management after tracheostomy
In those patients who require tracheostomy every effort must be made to enable the patient to go home and lead as near normal a life as possible. Support by trained staff within the community has been essential to this. Direct laryngoscopy should be performed every three or four months in those with a mild stenosis and in whom good laryngeal growth is seen, but this seems unnecessarily frequent in those with a tight stenosis. The lumen size should always be recorded by measuring with known size endotracheal tubes, nasal catheters, or bronchoscopes. Our results suggest that in the 32 patients who had a reconstructive operation the best chance of decannulation came with the first attempt at laryngeal repair at 18 to 24 months. We would recommend the use of per-and postoperative antibiotics to prevent infective chondritis and further scar tissue developing. The use of different stents has not been assessed; a tight fitting stent may cause pressure necrosis by itself so that when the stent is removed the lumen collapses inwards and then further scar tissue accumulates. In the Hospital for Sick Children a coiled piece of silastic sheeting was used to act as a self adjusting stent, expanding and contracting to fit the lumen without causing pressure necrosis.
